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AEETRACT 2 7 7 9  
Effects of various a r t i f i c i a l  atmospheres, with reduced 

Pure O2 t o t a l  pressure and normal O2 content,  are examined. 

atmospheres are t e s t e d  with 148 white rats f o r  100 days a t  

198 mm Hg. Ef fec ts  on re f lexes ,  react ion t o  s t i m u l i ,  and 

physical  and cardiae changes are discussed. 

The development of space science has enhanced t h e  s ignif icance of re- A* 
search on t h e  e f f e c t s  of prolonged exposure t o  an a r t i f i c i a l  atmosphere. Much 

t h e o r e t i c a l  and p r a c t i c a l  i n t e r e s t  has been aroused by inves t iga t ions  t o  de te r -  

mine the p o s s i b i l i t y  of an organism l i v i n g  long i n  an atmosphere of pure oxygen 

a t  a pressure t h a t  e l iminates  i t s  tox ic  e f f e c t .  

Recent extensive discussions by Americans suggest using a s ing le  gas, oxy- 

gen, i n  spacecraft l i v i n g  compartments. Schaefer (1964) repor t s  t h a t  American 

physiologis ts  th ink  it des i rab le  t o  maintain an atmosphere of oxygen alone on 

c r a f t  designed t o  f l y  only two weeks. This w a s  ca r r i ed  out i n  t h e  Mercury and 

Gemini p ro jec t s  planned f o r  t w o  weeks of f l i g h t .  I n  Apollo-type vehicles ,  de- 

s igned f o r  longer t r i p s ,  it w a s  f i rs t  planned t o  c rea te  an atmosphere of 50 

percent O2 and 50 percent N2 a t  a general pressure of 362 mm Hg, but  w a s  l a t e r  

changed t o  oxygen alone due t o  t h e  need t o  reduce launch weight (Nonosita, 

1964). 

*Numbers given i n  t h e  margin ind ica te  t h e  pagination i n  the o r i g i n a l  fore ign  

tex t  . 



Most au thors  be l ieve  t h a t  a "one-gas" atmosphere has s e v e r a l b  

advantages of i n t e r e s t  to  designers and physiologis ts .  

p ressure  i n  the cabin could be lowered t o  one-fourth of the 

s tandard atmosphere, thus permitt ing a marked reduct ion i n  the 

weight of the cabin. It would a l s o  make it poss ib le  t o  s impl i fy  

the a i r  regenerat ion and cont ro l  system, reduce the  leakage of 

gas from the cabin t o  a minimum, and completely e l imina te  the 

danfzer of aeroembolism i n  the as t ronauts  durinp decompression. 

Vherever the need t o  reduce the launch weight of a vehic le  i s  

a major concern, i n t e r e s t  i n  t h i s  kind of  an atmosphere i s  

under s t  andable. 

If used, 

On the  o the r  hand, t h e  sqzpested atmosphere a l s o  has some 

se r ious  disadvantapes so that it must be used w i t h  g r e a t  care.  

The sub jec t  as a whole h a s  been very l i t t l e  s tud ied  and the im- 

plementation of recommendations lack ing  an adequate s c i e n t i f i c  

basis  could be dangerous. TJe know, f o r  example, that  breathing 

pure oxygen may r e s u l t  in  a t e l e c t a s i s ,  which adversely a f f e c t s  

oxyEenation of  t he  blood and conduces t o  the development of 

f o c a l  inflammations in the lungs. Even a t  a l o w  p a r t i a l  pressure,  

pure oxygen m i l d l y  i r r i t a t e s  the upper r e s p i r a t o r y  t r a c t .  

Furthermore, the absence o f  the i n e r t  gas ni t rogen  i n  the  

cabin considerably increases  the d q e r  of f i r e ,  which could 

be d i s a s t r o u s  t o  the crew during f l i g h t .  

It i s  s t i l l  f a r  from c lea r  whether a l i v i w  organism can 

l i v e  and grow i n  an atmosphere lack ing  i n  nitrogen. R W s t i l l  

do n o t  know if  this gas  has any e f f e c t  on the int imate  fz 



physiolopical  and biochemical processes of t he  orpmisn, 

Heather (1961) c a r r i e d  out an experimental study on human 

beings i n  a pressure chamber with ra re fac t ions  corresponding 

t o  a l t i t u d e s  of 8400 and 10,200 m. After  14 and 17 days the 

subjec ts  exhibi ted symptoms of i r r i t a t i o n  of the r e s p i r a t o r y  

t r a c t  and lung t i s s u e  and most l o s t  weiqht. A s imi l a r  bu t  

more comprehensive inves t iga t ion  w a s  conducted by Volch, MOFF8n,  

e t  al.  (1961) on human beings who remained i n  a pressure  

chamber f o r  30 days a t  an  a l t i t u d e  of  5500 m and for 1 7  days a t  

an a l t i t u d e  of 10,200 m. The purpose w a s  t o  study the e f f e c t s  

of a r a r e f i e d  atmosphere i n  the absence of a n  i n e r t  gas and 

the inf luence of prolonged i n a c t i v i t y  and i s o l a t i o n .  The authors  

noted a drop i n  d i a s t o l i c  pressure, lengt%%f*ime required f o r  

the pu l se  t o  r e t u r n  t o  normal a f t e r  an o r t h o s t a t i c  t e s t ,  decrease 

i n  the v i t a l  capac i ty  of t he  lungs, and sgrnptoms of i r r i t a t i o n  

of t he  r e s p i r a t o r y  t r a c t  and mucosa. The subjec ts  l o s t  2.8-3.6 kg 

of weiPht a f t e r  30 days, 2 kF a f t e r  17 days, The water content 

of t he  t i s s u e s  decreased, but the f a t  content rose.  

The experiments of McHattie and R a h n  (1960) and of Berry 

and S m i t h  (1962) showed t h a t  mice can survive and produce normal 

o f f sp r inp  i n  a single-gas atmosphere a t  a general  pressure of 

197 m Hg, They concluded t h a t  the lack  of n i t roeen  i n  the E- 
atmosphere has  no e f f e c t  on the course of the major l i f e  processes.  

However, p d g i n g  by Allen ' s  experiments (1962), it w o u l d  be pre-  

mature t o  c a t e g o r i c a l l y  deny that n i t rogen  plays a b io lop ica l  r o l e  

i n  the animal organism. He found t h a t  the vascular  system of chick 
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embryos does not develop i n  an exc lus ive ly  oxyeen medium a t  a 

pressure  of 150 mm Hg because of the  l a c k  of ni t rogen.  

need f o r  f u r t h e r  study of the subject  is obvious. 

The 

Sovie t  exper t s  are guided by the p r i n c i p l e  of maximum 

caut ion  i n  dea l ing  with t h e  problems involved i n  se l ec t inp  an 

atmosphere f o r  spacecraf t ,  The choice has  t o  be s c i e n t i f i c a l l y  

grounded, It must m e e t  reasonable standards of comfort, be 

harmless, and permit continuous reFeneration by r e l i a b l e  apparatus.  

However, i t  would be a mistake t o  th ink  t h a t  an atmosphere 

could be chosen fo r  spacecraf t  t h a t  would be s u i t a b l e  f o r  a l l  

condi ti on s . 
The use of an atmosphere i n  the cabins  of the Vostok and 

Voskhod w i t h  parameters s imi la r  t o  t h a t  on earth has  been l a r g e l y  

j u s t i f i e d  and there  seems t o  be no s e r i o u s  objec t ions  t o  

usinp i t  on f u h r a  b r i e f  o r b i t a l  f l i n h t s ,  Nevertheless,  we 

must continue t o  s tudy var ia t ions  of an a r t i f i c i a l  atmosphere 

i n  order  t o  broaden 0h.r technical  and b io lop ica l  c a p a b i l i t i e s  

f o r  bu i ld ing  l i fe -suppor t  systems t o  p r o t e c t  man i n  space. /5 
[’he purpose of this  inves t iga t ion  was t o  make a comprehensive 

study of the e f f e c t s  of a 100 day exposure t o  an atmosphere of 

pure oxyg6n a t  a general  m i n i m u m  ambient pressure,  w i t h  the gas 

supplied t o  animals i n  adequate quant i t ies , ,  ”! 
, 

Method. Experiments were performed on w h i t e  rats i n  a 

pressure chamber equipped with a l i f e - suppor t  system based on 

the following parameters: O2 - 95%; GO2 - 0.3-0.$; tenperature  - 
20-23 

0 C ;  r e l a t i v e  humidity - SO-?O$. Water and food w a s  sup- 
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p l i e d  t o  the animals by means of a semiautomatic device. 

feed consis ted of 2/3 wheat groats  and l /3  oa ts .  

were aiven bread, meat, and vitamins four times a month. 

The 

The animals 

There w a s  a device t o  remove harmful impur i t ies  from the 

a i r  of the chamber so  that  the  amount of ammonia, carbon 

n6noiide,  hydrocarbons, e tc .  did not exceed $he maxlrmun per- 

mi s s ib l e  concentrations.  Each cage had a d r i p  pan f i l l e d  

w i t h  s i l i c a  g e l  t o  absorb the urine.  

regular ly .  

t o  e n t e r  and leave without i n t e r f e r i n g  with the  atmospheric 

condi t ions therein.  To prevent aeroembolism, decompression of 

the chamber was gradual ly  lowered from 760 t o  198 mm He. 

The s i l i c a  g e l  w a s  changed 

The arranpement of the chamber enabled the personnel 

There were 148 experimental animals and 55 con t ro l s  kept 

on the same food and water regime. The behavior and genera l  

condi t ion  of the animals, higher nervous a c t i v i t y ,  weight 

dynamic s, some aspects  of water-sal t  metabolism, biochemical 

i n d i c e s  of the blood, c h a q e s  i n  formed elements of the p e r i -  

phe ra l  blood, and morphological charyes i n  the v i sce ra  were 

kept under observation. 

The r e s u l t s  showed t h a t  there were no changes i n  the  /6 
animals I behavior and condition that endangered t h e i r  l i v e s  

o r  impaired the func t ioninc  of the most important body systems. 

Food e x c i t a b i l i t y  w a s  adequate throuFhout the experiment 

as w a s  the r e a c t i v i t y  t o  the surroundinp l abora to ry  conditions.  

Conditioned re f lexes .  An automatic apparatus w a s  designed 

fo r  t h i s  purpose. The e l e c t r i c a l  c i r c u i t  and general  view 
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a re  shown i n  f i g .  1. 

A chain of motor r e f l exes  w a s  formed by the  method descr ibed 

by Voronin and Napalkov (1959). A stereotype composed of 18 

p o s i t i v e  chain s t i m u l i  and 6 conditioned i n h i b i t o r y  s t i m u l i  

w a s  used i n  each experiment. This method makes it poss ib l e  t o  

i n v e s t i g a t e  the f i n e  processes of ana lys i s  and synthesis  of 

complex s t imu l i  a c t i n e  on the orranism i n  a d e f i n i t e  sequence. 

ConsequentlF, a physiological  experiment comes very c lose  t o  

dup l i ca t ing  the n a t u r a l  in te rac t ions  of the oreanism with the  

e x t e r n a l  environment whereby the lead inp  r o l e  i n  the phenomena 

of adapta t ion  i s  played not by simple conditioned s i e n a l s  b u t  

by the  inf luence of complexes and chains  of s t imul i .  

During the f i r s t  few days o f  exposure t h e  r a t s  displayed 

s l i g h t l y  more vigorous orienting-search a c t i v i t y  than usual. and 

had more r eac t ions  between s igna ls  along with increased genera l  

motor a c t i v i t y .  Most presenta t ions  of the chain st imulus /7 

e l i c i t e d  a d i s t i n c t  chain motor r e f l ex .  Loss of  r e f l e x e s  was 

except ional  and only during the f i r s t  month of the  experiment. 

This c l e a r l y  ind ica ted  that under the  condi t ions  of the exclusive-  

l y  oxygen atmosphere under study,analysis and syn thes i s  of the 

chain of prev ious ly  formed food-grasping movements remained 

e s s e n t i a l l y  unimpaired. 

The s i t u a t i o n  was d i f f e r e n t  w i t h  respec t  t o  the  r e a c t i o n  

o f  conditioned d i s i n h i b i t i o n  formed f r o m  a chain of p o s i t i v e  s i p -  

na l s .  It was found t h a t  if an obs tac le  w a s  i n  the way 

of executing the p o s i t i v e  food-grasping r e f l e x  and the animal was 
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t aught  t o  g e t  around it  a t  an addi t iona l  s ignal ,  then the animal 

quick ly  pained the capac i ty  t o  perform this  a c t  under normal 

circumstances,  Inadequate reac t ions  were r a r e  (fig.  2 )  , 

T h e  animals reac ted  inadequately t o  inc lus ion  of the 

conditioned i n h i b i t o r y  stimulus. The decrease i n  adequate r e -  

a c t i o n s  w a s  p a r t i c u l a r l y  pronounced throughout t h e  f i r s t  and 

p a r t  of t he  second months of the experiment. Sometimes the 

animals f a i l e d  t o  perceive the  s i g n a l  of the add i t iona l  com- 

ponent of t he  conditioned stimulus and completed movements caused 

by the s tereotype of the pos i t ive  chain. I n  doing so they 

received no food urd returned to  the s t a r t i n g  place where they 

waited f o r  the next s i p a l .  During the second half of t h e  ex- 

periment the animals' reac t ions  t o  the  conditioned s t imu l i  

/8 gradua l ly  re turned t o  normal and the d a t a  obtained i n  the 

per iod  of  t h e  a f t e r e f f e c t  more o r  l e s s  coincided w i t h  the r e s u l t s  

of t he  con t ro l  period. Ve regard6 the inadequate r e a c t i o n s  t o  

inc lus ion  of the s igna l  of conditioned i n h i b i t i o n  a s  the con- 

sequence of a weakening of the process  o f + i n t e r n a l  a c t i v e  in -  , 

h i b  it ion. 

Change i n  weight, During the f i rs t  h a l f  of the  experiment 

(50 days), the experimental  animals l o s t  as much as 25% of 

t h e i r  o r i g i n a l  weight. But from the 55th dag on they began 

t o  ga in  weight and by the end of the experiment t he  increase  

was more marked than i n  the control a n i m a l s .  A t  t h i s  time 

t h e  w e i p h t  balance of the experimental rats ( 7 2  g) exceeded 

that  of the cont ro l  (56 g) by 16 e .  
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There a re  grounds f o r  bel ieving t h a t  the  negat ive weight 

balance may be caused by an increase i n  water l o s s  due t o  low 

ambient pressure.  In experiments on animals i n  a pressure chamb- 

e r  ( a l t i t u d e s  of 5000-8000 m ) ,  Kuznetsov (1955), Van L i e r  (1942), 

and Swann and Coll ings (1943) observed increased d i u r e s i s ,  

i n t e n s i f i e d  excre t ion  of sodium chlor ide  w i t h  u r ine ,  and weight 

loss .  These phenomena, accordinf t o  the authors,  were caused 

by acute  hmoxia  and r e s u l t a n t  hypervent i la t ion  of t he  1ungs,4.hloA 
greatly i s m h a  #i 

l o s s  of water through the r e s p i r a t o r y  t r a c t .  

I n  our inves t iga t ion ,  the oxygen supply of t he  animals was 

adequate and the  loss of water w a s  due s o l e l y  t o  the  independent 

e f f e c t  of low ambient pressure.  There i s  no d i r e c t ,  sound 

evidence i n  the  l i t e r a t u r e  t h a t  low barometric pressure  in t en -  

s i f i e s  the loss of water b y  the  orpanism. 

evaporat ion increases  due to  a reduct ion i n  the  number of co l -  

We know only t h a t  /"p 

l i s i o n s  of the evaporatinF molecules w i t h  t he  molecules of 

gas whose concentrat ion i s  reduced by a lowering of pressure.  

This was shown by the d i r e c t  measurementsof water evaporation 

under the  condi t ions of  normal and low barometric pressure 

that  were made by A. I. Shaposhnikov and S. S. Perepletchikova 

dur  in8  this  inve s t i g a  t i on . 
It i s  evident  from Table 1 that the amount of water tha t  

evaporates f rom l e v e l  sur faces  a t  low pressure  i s  almost twice 

t h a t  a t  normal pressure.  
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Table 1 

Parameters 

Temperature 

Humidity 

Amount of water 
evaporated, e 

Rate of evaporation 
g/cm2/hour 

t 

20-23Oc 20-25OC 

1125 2150 

2.5 4.4 

If the  l o s s  of weipht under these condi t ions i s  caused 

by increased emission of water, i t  n a t u r a l l y  would a f f e c t  the 

water content of the  t i s s u e s ,  c h i e f l y  skin,  

muscle and l i v e r ,  which a re  usua l ly  reparded as a depot of 

body f l u i d s ,  A n  i nves t iga t ion  showed t h a t  the  water conten t  

o f  the sk in  and muscles decreased (as determined by the  gravi-  

metr ic  method) a t  the  same time t h a t  t he  animals were losing: 

weight, These changes were pronounced i n  the  sk in  t i s s u e  i n  

which  the  water content dropped almost one-half durinp the  /10 
15 days of the experiment. 

l i v e r ,  muscles, and blood was in s ign i f i can t .  

bY 

The drop i n  water content  of t he  

These f ind ings  seem t o  confirm the assumption that the 

loss of weight by animals and human beinHeexposed t o  a r a r e f i e d  

atmosphere i s  a t t r i b u t a b l e  t o  i n t e n s i f i e d  emission of water from 

the sk in  and lunes. 

Since the emission of water by evaporation i s  a phys ica l  

phenomenon, i t  i s  reasonable t o  expect it t o  happen a s  lonp a s  

the  r a r e f i e d  atmosphere p reva i l s .  However, as mentioned above, 
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t h e  animals l o s t  weight only during the  f i r s t  h a l f  of the ex- 

periment. DurinE: the second ha l f  they kept on paining and 

by the end of t he  experiment they weiphdmore than the  con t ro l  

animals. Clearly,  the changes i n  water metabolism cannot account 

f o r  the marked f luc tua t ions  i n  w e i g h t  observed under t h e  con- 

d i t i o n s  of a r a r e f i e d  atmosphere. "hey a r e  undoubtedly a l so  

r e l a t e d  t o  chances i n  the metabolic processes.  

The phenomenon of weight l o s s  and gain i s  of considerable  

s c i e n t i f i c  i n t e r e s t  i n  s t i l l  another respec t ,  f o r  it implies 

the presence of an ac t ive  f a c t o r  whose phys io loe ica l  r o l e  has 

h i t h e r t o  been denied i n  the l i t e r a tu re .  The f a c t s  show that low 

atmospheric pressure ( w i t h  normal PO ) by i tself  has some e f f e c t  

on the  body and that the body gradual ly  adapts  t o  the new 

medium. The l eng th  of time required f o r  adapta t ion  i s  apparent ly  

determined by the depree of r a r e f a c t i o n  of the atmosphere. 

Accordinp t o  our provis iona l  data,  the time required f o r  adapta- 

t i o n  t o  an atmosphere w i t h  normal PO and l o w  general  ambient 

pressure  up t o  308 o r  198 mm Hg w a s  30-35 er 55-60 days, re- 

spec t ive ly  ( A .  G. Kuznetsov, N. A .  Agadzhanyan, A .  G .  Dianov, and 

S .  G. Zharov, 1964). It i s  i n t e r e s t i n g  t o  note  that the cyc le  

of c h a n p s  i n  t h e  pe r iphe ra l  blood w a s  completed a t  about the 

same time. There was an increase i n  the hemoglobin concentra- 

t i o n  (120$), number of erythrocytes  (134%) and r e t i c u l o c y t e s  

(160%); this  l e v e l  was maintained f o r  43 days. 

2 

& 

2 

F3y t he  58th day 

the blood indic  e s r e  turned t o  normal, Pema5nhng unchanged 

t h e r e a f t e r  u n t i l  the end of the experiment (M. I; Yezepchuk). 
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I 

Sio log ica l  Bole of Nitrogen. Rats kept i n  an atmosphere 

without n i t roeen  survived f o r  100 days and produced normal 

of fspr ing  ( a t  a pressure of 198 mm Hg). 
note  that  the  period of pregnancy lengthened by 5-7 days. The 

l i m i t e d  number of observations n a t u r a l l y  do no t  r u l e  out the 

element of chance here.  Nevertheless,  the p a r t i a l  coincidence 

of ou r  d a t a  w i t h  those of bllen (1962) on the a r r e s t e d  develop- 

ment of the vascular  system of chick embryos under the same con- 

d i t i o n s  suepests t h z t  atrn0sFheri.c ni t ropen plays a major r o l e  

i n  the development of v i t a l  functions.  

It i s  i n t e r e s t i n g  t o  

A study was d s o  made of the e f f e c t  of' a n i t rogen- less  

atmosphere on the development o f  a t e l ec t a ses .  V. A.  Vinogradov 

found i n d i s t i n c t  a t e l e c t a s e s  i n  the  p e r i h i l a r  zone. These were 

& 

p a r t i c u l a r l g  marked in  the animals kept i n  a pure oxygen a t -  

mosphere the f i rs t  two days. No a t e l e c t a s e s  were observed i n  

the animals examined l a t e r ,  ind ica t ing  that  the co l lapse  of lung 

t i s s u e  w a s  revers ib le .  N o  s igns of t o x i c i t y  or  i r r i t a t i o n  of 

lung t i s s u e  were noted. 

remained high; pC02 was somewhat low (Ye. A .  Kovalenko). 

Throughout t he  experiment blood p02 

Change in Microflora. N. N. Si tnikova observed that the 

quan t i ty  of microflora i n  the chamber increased f ive- fo ld  during 

t h e  experiment and the microbial  landscape was f ea tu red  by 

a predominance of forms more r e s i s t a n t  t o  the ex te rna l  environ- 

ment - spore-bearing, aerobic,  fungus. TJe see here  a case 

of Aorganism-environment in t e rac t ion .  
d i r e c t  

11 



Conclusion 

Prolonped exposure (100 dags) of anlmals t o  an atmosphere 

cons i s t ing  s o l e l y  of oxygen a t  a general  pressure of 198 mm Hg 

does not  endanger l i f e  o r  impair general  hea l th .  "his 

i n d i c a t e s  that  such an atmosphere can be used f o r  p r a c t i c a l  

purposes. 'we a l s o  showed tha t  such exposure a-t l o w  general  

p ressure  andhnormal oxyeen content of the  atmosphere g ives  

r i s e  t o  d i s t i n c t  chanees i n  several  important phys io logica l  

func t ions .  m e  phenomena gradually l e v e l  out and within 50-60 

w i t h  
/13 

. 

days the func t ions  r e t u r n  t o  normal, an ind ica t ion  t h a t  adaptat ion 

has %en e f f ec t ive .  This p roves  that low atmospheric pressure 

has independent b io log ica l  s i p i f i c a n c e ,  which should be kept  

i n  mind when studyine: t he  problem of making spacecraf t  habi tab le  

under the condi t ions of a r a r e f i e d  atmosphere. 
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